Distributed erosion models are potential tools for identifying soil sediment sources and guiding efficient Soil and Water Conservation (SWC) planning. However, the uncertainty of model predictions has yet to be resolved. Splash erosion is one of the most important mechanisms in soil loss. In this study, monthly splash detachment rates were predicted using the Morgan, Morgan and Finney (MMF) empirical erosion model and the more complex Revised Morgan, Morgan and Finney (RMMF) erosion model. These two models were used to assess active and abandoned fields in the Spanish Pyrenees. Land uses were barley fields, pasture, recently and old abandoned fields. Input parameters assessed were rainfall characteristics, soil properties, land forms, and land cover. The splash detachment rates predicted by the MMF and the RMMF models were higher for barley fields than for pasture and abandoned fields. However, the more complex RMMF model predicted lower splash detachment rates, especially in pastures. In contrast, runoff detachment was highest in old abandoned fields although rates were much lower than those of splash detachment. Cs and the MMF and RMMF models shows that the models predict lower erosion rates due to the low estimated rates of the runoff transport capacity. However, the estimated and measured rates are in close agreement and are under the limit of the tolerable soil loss for soils under Mediterranean conditions.
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-2 mm -1 ) and the amount of the annual rainfall (R; mm) given by: In the RMMF model the procedure for calculating rainfall energy was revised to take into account rainfall partitioning during interception and the energy of the leaf drainage. The effective rainfall (ER; mm) is computed from the annual total rainfall and the proportion (between 0 and 1) of the rainfall which reaches the ground after allowing for rainfall interception (A). The procedure for estimating the runoff per raster cell (Q i ; mm) is the same for the two models based on the method proposed by Kirkby (1976) which assumes that runoff occurs when the daily rainfall exceeds the soil moisture storage capacity (R C ; mm). The monthly runoff Q m is obtained from: where MS is soil moisture content at field capacity (% on weight basis), BD is the bulk density of the soil (Mg m -3 ), EHD is the effective hydrological depth of the soil (m) and E t / E 0 is the ratio between actual and potential evapotranspiration. EHD indicates the depth of the soil within which moisture storage capacity controls the generation of runoff and is a function of soil type and plant cover which influence the depth and density of roots.
The estimated runoff volume in Eq. (9) was modified by accounting for the amount of rainfall that is necessary to pond the soil (Rp i , mm) and the maximum surface storage capacity (SS max , mm). Hogarth et al. (1991) proposed that time to ponding (Tp, s) has a minimum and a maximum time and state that the average value can be calculated as: 
where 
The maximum monthly surface storage capacity (SS max-m , mm) was calculated according to Driessen (1986) . This includes surface roughness (RG m ; mm), slope steepness (S; degree) and the surface furrow and ridge angle determined by tillage marks and micro-topography (SIG; degree 190 191 192 193 194 where EE m is the number of erosive events per month m, and takes into account the effect of the monthly distribution of erosive events along the year. A SIG value of 30 º was considered valid for the study area based on Terzoudi et al. (2007) . Surface roughness is the configuration of the soil caused by the randomly orientated arrangement of soil clods. Tillage tools can produce random roughness and orientated roughness. In this work the roughness values for forest areas (random roughness, RG = 20.3 mm) and cultivated fields with plough (RG = 48.3 mm) and field cultivator (RG = 17.8 mm) were taken from Renard et al. (1997) .
Splash and runoff detachment rates
The splash detachment rate (F; kg m -2 ) in the MMF model is calculated as: Quansah (1981) and used by De Jong et al. (1999) . K depends on the particle size distribution of the soil and is adopted from the MMF model guide (Morgan, 2001 ; Table 3 ). In the RMMF model, soil particle detachment by raindrop impact (F; Kg m -2 ) is defined as:
The RMMF model includes a component to assess the effect of runoff on soil detachment (H; kg m -2 ) as a function of soil resistance (Z, kPa -1 ), runoff (Q i ; mm) and slope steepness (S; radian). Soil detachment from runoff was estimated using the equation proposed by Quansah (1982) and modified by Morgan (2001) : where GC is the amount of ground cover (%) and COH is the cohesion of the soil (kPa). The GC factor includes crop residue, rocks and other non-erodible material that is in direct contact with the soil surface. The COH is an important component of the soil's resistance to erosion based upon soil texture (Table 3) . Finally, the soil particle detachment rates by splash and runoff are summed to produce a total detachment rate. For the fields with the highest detachment rates, a method to validate the reliability of the predictions was made through an estimation of the transport capacity of the runoff (TC; kg m -2 ) using the following equation:
where C (-) and P (-) are the cover-management and the support practice factors, respectively, of the Revised Universal Soil Loss Equation (RUSLE) (Renard et al., 1997) , and d is an exponent equal to 2 (Morgan, 2001 Final soil loss predictions are computed on the basis of the conceptual model of Meyer and Wischmeier (1969) by comparing the rates of total detachment and runoff transport capacity.
The lower of the two values per raster cell is assigned as the annual soil loss rate: respectively. Erosive storms were distinguished from other events by comparing the amount and intensity of rainfall to thresholds proposed by Renard et al. (1997) in the RUSLE soil erosion guide. Data defined as erosive storms was used to calculate the typical value of the intensity of erosive events (I in Eq. 5) and the mean rainfall per erosive rainday (R 0 in Eq. 9 and 10).
A total of 54 soil samples were collected from the 41 fields. To determine the textural class of each sample, laser equipment was used and the corresponding values of K (Eqs 18 and 19) and COH (Eq. 21) were estimated based on the model guide (Morgan, 2001) . The bulk density, BD (Eq. 11), and soil moisture content at field capacity, MS (Eq. 11), was measured for each sample using a porous ceramic plate in a closed chamber. The volumetric content of water at saturation was calculated for each soil sample and initial conditions were measured in June, August, December and February as representatives of seasonal variations.
The values of effective hydrological depth, EHD (Eq. 11), for each land use were calculated using the data of López-Vicente et al. (2005) for each soil type (Table 4) Rodríguez and Schnabel (1998) cited an average rainfall interception value of 22.5 % for a Mediterranean forest of Quercus ilex in the Castanya experimental basin (Montseny, province of Barcelona, NE Spain). Belmonte and Romero (1998) estimated the net rainfall interception at 30.8 % in scrublands of southeastern Spain. These data were adopted for the old and more recently abandoned fields, respectively (Table 4) . Reliable data to parameterize pasture species and crops were difficult to find. Eberbach and Pala (2005) Table 4 ). The height of the plant canopy for barley fields ranged from a minimum of 0 to a maximum of 0.46 m with a mean value of 0.1 m (Renard et al., 1997) (Table 4 ). The PH parameter of the old and recent abandoned fields (Table 4) was estimated using data from southern France (Rambal et al., 2003) . (Table 4 ).
The C-RUSLE factor, included in the crop cover parameter (C in Eq. 22), was calculated by López-Vicente et al. (2005) with the assistance of the CropSyst 4.04.14 cropping simulator.
Corresponding values were very low for the abandoned fields and moderate for cultivated fields (Table 4 ). The P-RUSLE factor, in absence of detailed data, was set to 1.
Results and discussion

Rainfall energy and runoff volume
A total of 74 storm events were recorded with 12 erosive storms (17 %) per year. The mean annual rainfall intensity calculated for the period 1993 -2006 was 15.1 mm h -1 , with
September having the highest average at 26.9 mm h -1 (Fig. 2a) , and a maximum value of 69.8 mm h -1 for one single storm event. Usón and Ramos (2001) observed a mean rainfall intensity of less than 10 mm h -1 in northeastern Spain with a maximum of 103 mm h -1 for one single storm event.
The erosive storm events in September and October represented 53.5 % of the total (Fig. 2b ).
Rainfall intensity also varied seasonally. The most erosive storm events occurred from May to
October with a mean intensity of 19.9 mm h -1 , whereas the mean value from November to April was 7.4 mm h -1 . The mean annual rainfall per erosive rain day (R 0 in Eq. 9) was 47.2 mm. were more than 300 times lower than the annual value of barley fields. These results are consistent with land uses that have greater canopy cover, percentage of interception, and height of the plant canopy. The MMF model generated an annual value of kinetic energy that was 1.5 times higher than the value generated by the RMMF model for barley fields.
The critical value of soil moisture storage (R C in Eq. 11) was higher in the soils of barley fields (34 mm) compared to old abandoned fields (24 mm). The effective hydrological depth is the most important parameter to control soil moisture storage, however, variability was very high in the soil samples collected in old abandoned fields (Fig. 3a) was correlated with monthly rainfall (Fig. 2a) .
The estimated mean volumetric water content at saturation was 48.4 % and the mean volumetric water content at initial conditions in June, August, December and February were 15.6, 10.6, 17.7, and 13.1 %, respectively. The values of time to ponding showed that soil did not achieve saturation from December to March regardless of land use because the recorded rainfall intensities were lower than the saturated hydraulic conductivity, in spite of similar values of precipitation for the periods January to March and June to August (Fig. 2a ).
Due to different K fs values for the different land uses, runoff only took place from May to
October in the old abandoned fields, from July to September in the recently abandoned fields, from April to November in barley fields, and from June to October in pastures. However, in the months when rainfall intensity was higher than K fs , the estimated time to ponding was The maximum surface storage capacity, SS max , varied with monthly rainfall and the amount of water that remained on the soil surface was 12, 13, 22, and 12 % of the initial runoff volume for old and recently abandoned fields, barley fields and pastures, respectively. The annual volume of effective runoff was only 48, 21, 56, and 37 % of the initial annual runoff for old and recently abandoned fields, barley fields and pastures, respectively. Hence, the combined effect of infiltration properties and soil microtopography significantly reduced the amount of runoff (Fig. 3b) . The mean soil detachability index (K in Eqs 18 and 19) and cohesion (COH in Eq. 21) for each land use are quite similar because all soils were silt loam (Fig. 4) Total detachment rates predicted with the RMMF model are lower than those predicted with the MMF model, especially in pastures. However, both models predicted the same temporal pattern of detachment for the different land uses ( Fig. 5a and d ). The RMMF model predicted maximum rates in September and October with 28, 29, 42, and 51 % of the annual rates in old and recently abandoned fields, barley fields and pasture, respectively. Both models also predicted lower detachment rates with increasing age of abandonment. Research by Navas et al. (2005) in old abandoned fields revealed that detachment rates were highest in soils on sunny orientated slopes with a low vegetative cover and high slope steepness. These results correspond with the predicted rates for the abandoned fields in the current study. Moreover, the decrease in detachment rates observed from recently to old abandoned fields in the southcentral Pyrenees are similar to those observed in Almeria, Spain (Govers et al., 2006) . In that study, land abandonment led to an exponential decrease in water erosion rates and sediment transport over 50-70 years. Navas et al. (1997) found higher soil displacement in cultivated and recently abandoned fields. Moreover, the negative effects of cultivation on erosion were also observed in semiarid areas located in the same region of the study area (Quine et al., 1994) .
Temporal patterns observed in the current study were similar to that reported by Regüés and Gallart (2004) at Vallcebre, southeast Pyrenees. In that study, sediment concentrations in runoff samples were higher in spring and autumn than in winter and summer, and sediment detachability by splash was higher in spring and autumn than in winter and summer.
Soil erosion and validation
To assess the reliability of the MMF and the RMMF model in estimating annual detachment rates in barley fields, transport capacity by runoff was estimated (TC in Eq. 22) and the annual soil loss rates were calculated (Eq. 23). These results were then compared with the erosion rates measured by using fallout 137 Cs in eight soil samples that are included on an ongoing research in the study area (Navas et al., personal communication, 2007) . The mean values of predicted and measured soil loss were 0.46 and 5.38 Mg ha -1 y -1 , respectively. Predicted soil erosion rates were the same for both models and similar to values obtained by Morgan (2001) in other Mediterranean agrosystems such as Italy (0.2 Mg ha -1 y -1 ), Spain (0.49 Mg ha -1 y -1 ) and Greece (< 0.01 Mg ha -1 y -1 ). Morgan (2001) also found low rates for measured soil losses.
The low value of predicted soil erosion is explained by the low rate of runoff transport capacity calculated with the RMMF model (Table 5 ). This is a limiting factor for estimating annual erosion rate according to Eq. (23). Moreover, the estimated values of effective runoff do not account for the erosive events from October to June when rainfall intensity is higher than the saturated hydraulic conductivity because time to ponding was calculated with mean values of I m . Hence, the equations used to estimate the effective volume of runoff are underestimating the actual volume of runoff and transport capacity, and thus, soil erosion rates.
Tolerable soil loss (T) is defined as the maximum rate of annual soil erosion that will economically sustain a high level of crop productivity over the long-term. Cs was almost equal to the maximum tolerable erosion rate.
Conclusion
Despite considerable variation in land cover factors, the temporal pattern of splash detachment rates with the MMF and the RMMF models are similar for the different land uses examined in this study. However, the predicted splash and total detachment rates were lower with the RMMF model than with the MMF approach, especially in pastures. The more complex approach of the RMMF model assessed the monthly detachment rate by raindrop impact using more accurate values, including temporal variability triggered by the different phases of tillage. Maximum surface storage capacity, time to soil ponding and rainfall to soil ponding play a key role in controlling runoff origin and volume and may explain the lack of runoff observed from December to March for the four types of land use.
The highest rates of runoff detachment occurred in old abandoned fields due to higher runoff volume, steeper slopes and lower soil resistance. Splash and total detachment rates were highest in barley fields and lowest in pastures although pastures and abandoned fields were located on steep hillsides. Moreover, old abandoned fields had lower splash and total detachment rates compared to recently abandoned fields. Table 4 . Values of soil, landform and land cover parameters for the various land uses (see Table 2 ). 
